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KamLAND:; Distance to Reactors

68GW,,
S

number expected, no oscillation

3
lll[lllllll]llllllllllll

|—‘ I_LI-I_A_AJ_!_I\llllnmnllAlanu_u-n | ]

~100 200 300 400 500 600 700 800 900 1000
baseline [km]

°°

<L>~180km => \/Am> ~0.01eV
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Issues for KamLAND Detector Design

Event rate ~ only 1/day/kt (or 1/3years/t)

=> Large overburden to shield cosmic-rays:
@?2700mwe, cosmic-rar rate=10" of surface

= Extremely radio-pure liquid scintillator:
Purification system -> U/Th/*K <10-"°ppm

= Thick Shields:
at least 50cm of water + 2.5m of Buffer Oil

=> Delayed coincidence

Large Liquid Scintillator (M~1kton)
= Transparency and stability is essential

= Simple is better
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Key Detector Elements

sliquid Scintillator: (1150m?3)
Dodencane(80%)+PC(20%)+PPO(1.5g/L)
Light output >8,000photons/MeV, A, >10m

(Gd 1s not used)

*Balloon:  13m diam. 135umt Nylon/EVOH
multilayer film. Held by Kevlar mesh.

EEREL Buffer Oil: (1700m3) 2.5mt. n-Dodecane+Isoparaffin

NS L, PMT: 1325 17" aperture PMT
N | + 554 20" aperture => 34% photo-coverage

ePurification system:
Water extraction + N, bubbling
U =>3.5x10-18g/g
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(Enomoto WINOS)

Event Display: Low Energy Event

ID Hit Time

ID Hit Time

entries: 471
overflow: 0

i underflow: 0

- mean: -252.371
20 RMS: 50.0695

40F

-400

-200 0 200
ID Hit Time [ns]

06.09.26

40

20

ID Hit Charge
F entries: 471
i overflow: 4
i underflow: 0
- mean: 1.97658
= RMS: 1.9486
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OD Hit Charge

100~H

80;
60;
401

20;

R

RunNumber:1215

EventNumber:24744

EventTime:1028730596 (2002-08-08 08:29:56 JST)
TimeStamp:0001:9aa6:50ec (172.238956300 sec)
TriggerType:0a000002 (Histoy Prompt IdToOd )
NSum2:436

NidWaves:477

NIdHits:471 (+6)

NOdHits:0 (+0)
TotalCharge:930.97

FPowered by KINOKO
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(v.p ->e*n); an 1deal reaction, because

e Only v, contributes (no background from other neutrino species)

e Low threshold Energy (1.8MeV)
 Large cross section (~1000,,.)

* p is abundant in LS

* Cross section precisely known (60=0.2%)

* v.energy can be measured (E,=E, ;. +0.8MeV)

e Delayed Coincidence -> powerful background rejection
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Single Backgrounds
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Reactor neutrino oscillation does exist
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Reactor Power Variation ‘
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KASKA Prototype

Neutrino Experiments at Kasniwazaki-Kariwa Nuclear Power Station

KASKA

06.09.26 suekane AAPO6 14
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KASKA-6,,

L=1.6km

sin?260,;<0.015
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06.09.26 Y —detectors 16



- 212 .
112
> - :
i i
;58 A A
~ [
£ 2
|I‘E
#
A
Lo
Y=
(=
-!ﬂt"!
H
™
N
h
X
L
|
m
A
8
i) ] =
__|B B =28
g &
€
o
NS
AL
=
X
L
|
m
) |—>D
L 2
L 4
.0
NATMI % R
19500, o.°
18000 S
.S
T IR
==
= 70l ES | |
CH E 5 C
ll.4
Y [=]
&%0 S
|_.D°°

Detector & Shaft Hole

Cosmic-ray’
Tracker .~

*

Gd-LS
LS

Buffer Oil

Water

ddlllll.lll..llll..lll...l

V=7 63m"3

—

—

vy

111111

CIIP I IT I IINS

g2

L~

\\\\\\\

AAANLLNLNANY

L~

%\\\\\\\

AN, \\\\t\\ ASSSSENS

TTT

N
N
N

>

Inner Acrylic
Vessel

Outer Acrylic
Vessel

10 inch PMTs

PMT Support
Structure

L— SS Tank

le——Iron Tank



Neutrino Detection

=> use Gd
, 51, D000 00C vV — ¢’
o Vorpeeen
/{/\, Then
- 0 0 [Egr,ﬁmm oo C .\
S e 22051 IMeY
0o 00MImoaoc
K. n+Gd— Gd +V'S(2Ey ~8MeV)
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KASKA Prototype

06.09.26

* Test of y-catcher.
* Am/Be v, like signal.
#v, detection at research reactor.
*Magnetic shield test

*MC development
[.S handling

% UV transparent
/ Acylic sphere

y-catcher LS

/16 8"PMT
d% - Sources

(Am/Be ,°°Co)
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OCo signal

Prompt ADC sum :241

Co_psum

Entries 241229

12000

10000

8000

6000

4000

2000

III|lII|III|III|III|III|

Mean 3.451
RMS 1.134
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Edelayedt

|

Am/Be signal

( .. . . )
Gd Liquid Scintillator
Y
Ed: ZEy ~ 8MeV
Yy / Ey=4.43 MeV Ep: K, (visible) + Ey ~ 5.5MeV
\ J -
N Gd y Mean 7.637
| Delayed(GdLS-LS) | Mear res
— 16 -
2 z F Integral 2494
I (M‘ AmIBgL (LS + Am/Be) - (GdLS + Am/Be) - (LS +|]Am/Be)
w :_ ( « « Normalization =798.449 sec © 120_— ‘
3 L S0 L - ,(\a(
= - 100~ \‘\('(\\
° 1o . s0f ©
8:_ .} - :—
= e ‘e 60—
6— e - C
C %0 ° a ® 40:_
4 « & TN ‘3\0 ’ C Normalization = 798.449 sec
- e\ 20 Pth < 2MeV, Dih, < &MeV (Hard
2:— ?‘ C Dt=.2u-;0l;sec- eV (Hard)
e T T (R R 7 ST °F l et l I l
E
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Background for reactor v

PvsD (BG)

Entries 769148

> — = Meanx  3.326

g 14 Cut coridition : NCT (2 - 30 usec), STDEVP, D (< 1) Meany 1.674

- o RMS x 1.44

" u RMSy  0.7504
10—
8l—
6 —
41—
2

0 B 1 1 1 l IV 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
0 2 4 6 8 10 12 14
MeV
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Prototype@Joyo research reactor

Purpose: Not for safegard R&D, just to see reactor ON/OFF for demonstration.
KASKA Prototype

/ ooood

ooooooo

OoooOooono

Fast Reactor (Pu rich)
P,=140MW
Frequent ON/OFF
L~25m

~150 vp—>e*n reaction/day

06.09.26




Some modification for Joyo experiment

*0.05% Gd LS(10%BC521+15%PC+75%isoParaffin oil)
* Lead shield,

* Cosmic-ray anti counter

* Paraffin Blocks

* n/y pulse shape discrimination(PSD)

Paraffin Blocks Cosmig-ray anti-counters Event Selections

ead Shields * 3.5MeV<Ep<6MeV

) | e 6MeV<Ed<9MeV
a e AT<50us
i NS  Fiducial cuts(R<45cm)
Light shield -+ i e PSD cut
- i => efficiency ~5%
- - => S/N~1/a few x10
| | |N2
I 04U
Not to scale
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n/y PSD with prototype LS

The most sever BKG on surface 1s fast neutron.
=> n/y separation will be essential

. 60 fast n
y (=e) signal p Co y
| > \ / h1
! Entries 1001
= Mean 0.2833
220 : RMS  0.03071
200
180 Real data
| 160F
l Q 140[
i total c
I 120F
ADC gates 100

: 80F
Qi 60F
40
20F

85

R= Qrai is different for y and n
Qtotal

For 50% of y efficiency, n rejection rate >90% => S/Nbecomes more than 5 times better
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Acrylic sphere

Cosmic-ray
Anti counter

2006.9.20

Reactor is behind the wall
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Energy spectrum of singles (no cuts)

3

% — Reactor ON
T10?

%" —— Reactor OFF
o«

—
o

Measured by 1IPMT

-2
107, 10 20 30 40 50 60 70
Energy(MeV)

LLLLL LLLAL

10

Just starting data taking.
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Possible Improvements

* More PMT Coverage: => Better PSD
=> Less leakage from low energy BKG

* Better Shield: Thicker lead & paraffin block shields,
Double acrylic sphere (buffer region)

* Better Anticounter coverage: => Cosmic-ray related BKG

* Higer reactor power: Monju(fast reactor) => x5
High Power ABWR => x30

* Shorter distance: =>~ 1/1.2

06.09.26 suekane AAPO6
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Simple Summary

KamLAND successfully measures reactor
neutrinos at distance hundreds of km from reactors.

*KASKA prototype is going to take fast reactor data shortly
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